Objective: To examine the prevalence of childhood and adolescent obesity in Taiwan and investigate the association between excess weight and physical fitness and blood pressure. Design: Cross-sectional study. Subjects: A total of 13 935 children and adolescents aged 6-18 years (boys: 7031, girls: 6904) were involved in the 1999 survey and 24 586 (boys: 12 367, girls: 12 219) were available in the 2001 survey. Measurements: Weight, height, systolic and diastolic blood pressures, and health-related fitness tests (bent-leg curl-ups, sit-and-reach test and step test) were measured. Results: The overall prevalence of obesity (including overweight) in boys was 19.8% in 1999 and 26.8% in 2001. It was lower in girls with 15.2% in 1999 and 16.5% in 2001. The normal weight group performed better (Po0.05) than the overweight/obese group in all fitness tests except in the 2001 sit-and-reach test where there were no differences between the two groups. The risk of hypertension increased nearly two times for the overweight/obese-fit group and nearly three times for the overweight/ obese-unfit group compared to the normal weight-fit group (adjusted odds ratio (AOR) ¼ 1.93, 95%CI ¼ 1.514-2.451 and AOR ¼ 2.93, 95%CI ¼ 2.493-3.454, respectively). Conclusion: Overall, the findings demonstrated that there is an increasing trend in overweight/obesity prevalence for Taiwanese youth even in a 2-year period. The overweight/obese youngsters tend to have poorer muscular strength and cardiovascular endurance than the normal weight group. The overweight/obese and unfit group had a greater risk of hypertension than other groups. However, this risk was significantly lower if obese/overweight children had a higher than average level of cardiovascular fitness.
Introduction
The World Health Organization (2000) has reported that obesity represents a growing threat to the health of populations in both developing and developed countries, affecting children and adults alike. The prevalence of childhood obesity is rising rapidly and has already raised concern in Europe, North and South America, and more recently in the Pacific Rim countries (Department of Health and Human Service, 2001; International Obesity Task Force, 2002 ; UK Department of Health, 2003; Lobstein et al., 2004) .
During early years, obesity is associated with risk factors for ill health and adverse physical and psychosocial consequences (Wabitsch, 2000a, b; Loke, 2002) . For example, obese children and adolescents have higher systolic blood pressure and less healthy lipid profiles, as well as increased stress on weight bearing joints (Dietz, 1998; Chu, 2001; Loke, 2002) . In addition, obese children are more likely to suffer from psychological problems such as poor selfimage and low self-esteem (Dietz, 1998; Edmunds et al., 2001) . The long-term effects of obesity are that obese children are more likely to become obese adults (Serdula et al., 1993) , and are at increased risk of metabolic syndrome and other disorders accompanying obesity (Vanhala et al., 1998; Must and Strauss, 1999) . Hence, it is vital to understand and monitor obesity prevalence and its changes in order to combat the continuing rise of obesity among youth and adults.
Data on the prevalence and correlates of childhood obesity are available in many countries, especially in Europe and North America (Livingstone, 2000; Lobstein and Frelut, 2003 ; North American Association for The Study of Obesity, 2003; Lobstein et al., 2004) . Obesity in Asian countries has only recently received substantial attention. In Korea, the first standardized epidemiological survey regarding obesity prevalence was not conducted until 1995 (Kim et al., 2005) . However, several other Asian countries such as Japan have reported increases in childhood obesity (Lobstein et al., 2004; Matsushita et al., 2004) .
Although we have identified 243 published studies in the last decade investigating obesity issues with Taiwanese populations (Taiwan National Central Library), only 11 of these studies focused on obesity prevalence and patterns in children and adolescents (Chen et al., 1993; Lee et al., 1994; Lee, 1995; Lee and Lee, 1997; Lin et al., 1998; Yu, 1999; Huang and Wu, 2000; Chu, 2001 Chu, , 2004 Huang et al., 2003; Fu et al., 2004) . Seven of these studies were published in the Chinese language, and none of them used a nationally representative sample. Furthermore, the prevalence figures for obesity in children in Taiwan are still unclear as several definitions of obesity have been used (Lee, 1995; Yu, 1999;  Taiwan National Institute for the Health Research, 2001). For example, two studies have reported data from large samples of schoolchildren but have focused on weight for height data (Huang and Wu, 2000; Huang et al., 2003) . Other studies have used 85th and 95th body mass index (BMI) percentiles for age or weight greater than 120% ideal body weight (Lee et al., 1994; Lee, 1995; Lin et al., 1998) . Two recent papers reviewed the literature for childhood obesity in Taiwan (Chu, 2005; Hsieh and FitzGerald, 2005) . One focused on the factors associated with childhood obesity and prevention strategies (Hsieh and FitzGerald, 2005) . The other addressed the prevalence and trend of obesity in Taiwan from 1980 to 1996 where obesity was defined as 4120% of mean body weight (Chu, 2005) . As far as we are aware, there are no studies featuring recent nationally representative samples of children and adolescents that have used the now widely accepted and internationally founded BMI criteria developed for the International Obesity Task Force by Cole et al. (2000) . The main advantages of these criteria are that they are derived from adult values associated with health risk and also allow international comparisons.
Little is known about the relationship between different elements of physical fitness and overweight or obesity in Taiwanese children and adolescents. For example, we do not know if lack of hip flexion flexibility, muscular endurance of the abdominal muscles or aerobic fitness, which are associated with poor physical function and health in adults, are related to degree of overweight in this population. Similarly, there are few data on the interaction between cardiovascular fitness and related indicators of ill health such as higher than normal blood pressure in children who are obese. Obesity when carried into adulthood is associated with increased risk of developing cardiovascular disease and other health problems (Dietz, 1998; Must and Strauss, 1999) . Furthermore, higher levels of physical fitness and physical activity are, independently of weight and other key factors, associated with reduced risk of cardiovascular disease, diabetes and all-cause mortality in adults (Blair et al., 1996 (Blair et al., , 1989 Lee et al., 1999) . It is possible, that a similar relationship exists in children and adolescents but this has yet to be fully explored.
The National Physical Fitness Survey (NPFS), conducted by the National Council on Physical Fitness and Sports (NCPFS) in Taiwan in 1999 and repeated in 2001 provides an opportunity to study the prevalence of overweight and obesity in nationally representative samples of 6-18 year olds. Measured height and weight are available alongside measures of components of physical fitness and blood pressure. This offers a unique opportunity to study the interrelationships between weight status, elements of physical fitness and hypertension as early indicators of ill health. The specific purposes of this study were therefore to (1) determine the prevalence of childhood and adolescent obesity in Taiwan, showing the development of the obesity prevalence from 1999 to 2001 and offering international comparisons, (2) examine the relation between obesity/cardiovascular fitness and blood pressure and (3) compare fitness levels between overweight/obese and normal weight adolescents in Taiwan.
Materials and methods

Sample
The NPFS was conducted by the NCPFS in Taiwan in 1999 and repeated in 2001. A stratification random method was used to select the sample based on the resident population in Taiwan. In the first sampling phase, Taiwan was divided into 25 district regions (18 counties and seven cities). After stratification, the sample size was selected according to the proportion of the population by gender and age in each district region.
A total of 20 686 individuals aged 6-65 years were available in the 1999 NPFS and 42 412 in the 2001 NPFS. For this study, only those aged 6-18 years (inclusive) of age were included. In the 1999 survey, participants were 13 935, of whom 7031 were boys and 6904 were girls. A total of 24 586 individuals were involved in the 2001 survey, including 12 367 boys and 12 219 girls. For the purposes of this study, respondents were categorized by age into children (age 6-11 years), early adolescents (age 12-14 years) and late adolescents (age 15-18 years).
Measures
The NPFS was a health-related physical fitness survey used to establish the norms of physical fitness for people aged 6-65 years. Measures were taken by assistants who had attended a regional training seminar and passed a certification test on standardized procedures. Inspectors from the NCPFS and universities visited each site to supervise progress. The survey included four measures: (Taiwan National Council on Physical Fitness and Sports, 1999, 2001) .
Weight and height were obtained using a stadiometer and digital or balance beam scale. All instruments had been verified and approved by the Taiwan Bureau of Standards, Metrology and Inspection. Participants wore light clothes without shoes.
Systolic and diastolic blood pressures were measured using a cuff sphygmomanometer at the right arm before all fitness tests. Data for children and adolescents were available in the 2001 survey only. Participants were classified in the 'hypertension' group if their systolic pressure was X140 mm Hg and/or diastolic pressure X90mm Hg and all others were classed as the 'normal' group (World Health Organization, 2003; Burke et al., 2004) .
Several tests were used to assess the main components of health-related fitness:
(i) The number of bent-leg curl-ups attained in 1 min was used to test abdominal muscle strength and endurance (Chen et al., 2002; Huang and Malina, 2002) . (ii) The standardized sit-and-reach test was used to measure the lower back and hip joint flexibility (Chen et al., 2002; Huang and Malina, 2002; American College of Sports Medicine, 2003; Ozdirenc et al., 2005) . (iii) A 3-min step test was used to assess cardiovascular endurance. This involved participants stepping at a rate of 24 steps/min onto a 35 cm high bench. A cardiovascular index (CI) was obtained by the following formula:
where Time is the duration of exercise period in seconds and P pulse is the sum of 3 half-minute pulse counts (1-11/2, 2-21/2, 3-31/2 min) during recovery (Bosco and Gustafson, 1983; Heyward, 1991) .
After the tests, participants were given the results and advice from professional instructors, and also received mementos. The full details of research design, sampling procedures and data collection methods have been described elsewhere (Taiwan National Council on Physical Fitness and Sports, 1999, 2001) .
Statistical analyses
All the statistical analyses were carried out using the SPSS 12.0. statistical package. Very few missing data were found in the weight, height and fitness measures (range from 0 to 0.56% of the sample). The potential outliers were also examined with cases having standardized scores in excess of 3.29 (Tabachnick and Fidell, 2001 ) but the incidence of outliers was not greater than 0.8% (Fiel, 2005) for any variable.
BMI was calculated as weight in kilograms divided by the square of height in meters (kg/m 2 ) using measured weight and height. The International Obesity Task Force criteria (Cole et al., 2000) were used to determine normal, overweight and obesity classifications at each age and for each gender. Descriptive statistics for age, gender, weight, height and BMI were calculated to characterize the respondents. Differences in the prevalence of overweight and obesity in 1999 and 2001 were assessed using cross tabulation by age group and gender. As low obesity prevalence was consistently found (particularly in girls), both the overweight and obesity figures were combined and subsequently referred to as 'overweight/obesity prevalence'. Differences in overweight/obesity prevalence between the two surveys were assessed for significance using Z-tests. Analysis of variance (ANOVA) was used to examine differences in fitness results among age group, gender and BMI category.
To examine the independent impact of fitness and obesity on the risk of hypertension, multivariate logistic regression analysis was conducted with age group, gender, BMI category and cardiorespiratory fitness level as the independent predictor variables. Participants in the extreme quartiles within each age and gender were classified as 'unfit'(the lowest quartile) and 'fit'(the highest quartile) (Huang and Malina, 2002) .
Results
Prevalence of overweight and obesity Prevalence of overweight and obesity (categorized by IOTF criteria) and mean BMI by gender and age group, for each of the two surveys is shown in Table 1 . The overall prevalence of overweight in boys was 14.1% in 1999 and 18.6% in 2001. Among girls, it remained at about 13% in both surveys. The overall obesity prevalence for boys was 5.7% in 1999 and 8.2% in 2001. It was lower in girls with 2.4% in 1999 and 3.6% in 2001.
Prevalence of overweight/obesity was significantly higher in boys than girls across all age groups in both surveys (Po0.01). Within each survey, a significant reduction in prevalence with age is seen. The group with least incidence is adolescent girls aged 15-18 years. Results are therefore consistent across the two surveys giving confidence in their reliability.
Even across this 2-year period, there are indications of trends for increasing fatness among the population. For boys, weight, height and BMI increased significantly (Po0.01) in each group across the two time points. Among girls, a significant increase was also observed in weight and height in every age group over the 2-year period except the group aged 15-18 years where weight declined significantly. A significant increase in BMI was found only in the 12-to 14-year-old girls from 1999 to 2001. In contrast, girls aged 15-18 years showed a significant decrease in BMI. Combining the prevalence of overweight and obesity, the prevalence increased significantly for both genders across all age groups through 2 years, except 15-to 18-year-old girls with significant decrease in overweight/ obesity prevalence.
Associations between obesity and physical fitness Table 2 shows the means for each of the fitness tests. The normal weight group performed better (Po0.05) than the overweight/obese group in all tests in both surveys except in the 2001 sit-and-reach test where there were no differences between the two groups.
There was a significant interaction in both data sets between obesity and age for the step test. This revealed that the normal weight group had better performance than the overweight/obese group and that this difference was greater in children than adolescents in both surveys. The difference in cardiovascular fitness between overweight/obese and normal children therefore decreases into adolescence. A significant interaction between obesity and gender in the bent-leg curl-ups test showed that the difference between overweight/obese and normal weight groups was greater for boys than girls. This interaction effect was also seen for step test results in the 2001 data and for the sit-and-reach test in the 1999 data. This is perhaps explained by the greater incidence and severity of obesity in the boys when compared to girls.
Obesity, cardiorespiratory fitness and blood pressure Blood pressure data were available only for the 2001 survey. Table 3 shows the means of systolic and diastolic blood pressures for overweight/obese and normal weight groups. The overweight/obese group had significant higher systolic and diastolic pressures in both genders and in all age groups (all Po0.001).
Age group, gender, BMI category and cardiorespiratory fitness level were entered into a multivariate logistic regression analysis with incidence of hypertension as the dependent variable. The results showed that children and girls had lower odds of hypertension than 15-to 18-year-old adolescents and boys (AOR ¼ 0.61, 95%CI ¼ 0.525-0.704 and AOR ¼ 0.80, 95%CI ¼ 0.702-0.906, respectively). The overweight/obese group had over twice higher odds of hypertension than the normal weight group (AOR ¼ 2.28, 95%CI ¼ 1.983-2.611). The cardiovascular unfit group was nearly 30% more likely to suffer hypertension than the fit group (AOR ¼ 1.28, 95%CI ¼ 1.121-1.455). Fitness is therefore associated with lower risk of hypertension.
In order to examine whether or not there was a significant association with hypertension between unfit and fit groups within each BMI category, participants were categorized by BMI category across cardiorespiratory fitness level. The results revealed that the normal weight-fit boys had a significantly lower risk of hypertension than the normal weight-unfit, overweight/obese-fit and overweight/obese-unfit boys (AOR ¼ 1.26, 95%CI ¼ 1.015-1.567, AOR ¼ 1.79, 95%CI ¼ 1.311-2.441, and AOR ¼ 2.76, 95%CI ¼ 2.244-3.394, respectively). The normal weight-fit girls had lower risk of hypertension than the overweight/obese-fit and overweight/obese-unfit girls (AOR ¼ 1.97, 95%CI ¼ 1352-2.872 and AOR ¼ 2.73, 95%CI ¼ 2.108-3.531, respectively).
With the data of boys and girls combined, the results in Table 4 and Figure 1 revealed that the normal weight-unfit group was more likely to experience hypertension than the normal weight-fit group (AOR ¼ 1.19, 95%CI ¼ 1.015-1.387). The risk of hypertension increased nearly two times for the overweight/obese-fit group and nearly three times for the overweight/obese-unfit group compared to the normal weight-fit group (AOR ¼ 1.93, 95%CI ¼ 1.514-2.451 and AOR ¼ 2.93, 95%CI ¼ 2.493-3.454, respectively). However, these differences were not all significant when analysed separately by gender.
Discussion
Prevalence of overweight/obesity Although direct comparison of overweight and obesity prevalence with children from other countries is difficult due to differences in the methods used for measurement of adiposity, the classifications of obesity, and the examined ages of the samples, some studies (Table 5) have been selected for comparisons with large samples using IOTF criteria in similar time period among children and adolescents. Some caution is required on interpretation of this table as BMI is partly dependent on body proportions which normatively vary across nations and ethnic groups. However, the original IOTF sample did include samples from Hong Kong and Singapore so have some direct relevance.
The results show that the overweight and obesity prevalence in boys is similar to the reported figures in the UK and US and higher than that found in Japan. The prevalence in girls is much lower than that in the US and UK and similar to the figures in Japan UK Department of Health, 2003; Matsushita et al., 2004) . The finding of a higher prevalence of overweight/obesity in children than in adolescents reflects similar findings in China (Wang, 2001; . It may be possible that the growth in obesity is so recent that it has primarily affected children. In addition, this study showed that the overweight/obesity prevalence in boys was significantly higher than that in girls, which has also been noted in other studies from Singapore (Fu et al., 2003) and China Hui and Bell, 2003) . This is in contrast to most Western countries. Hui and Bell (2003) indicated that differences in obesity prevalence between boys and girls are not usually marked with girls tending to have higher prevalence than boys.
There are many contributors to the development of obesity, for example lack of physical activity, sedentary behaviours (e.g. television watching and easily available foods rich in energy and fat (Wabitsch, 2000; Calderon et al., 2005) . This study found that older adolescent girls were less obese than other subgroups. Previous studies have demonstrated that physical activity decreases with age during adolescence and boys are more active than girls (Stone et al., 1998; Sallis et al., 2000; Huang and Malina, 2002) . It is uncertain whether or not there are differences in eating habits between Taiwanese boys and girls. It is likely therefore that older adolescent girls are investing more overtly in weight control behaviours such as controlling energy intake compared with children and adolescent boys, perhaps as a response to the influence of cultural pressures to be slim . Studies have indicated that body dissatisfaction becomes more pronounced with increasing age for adolescent girls (Kaneko et al., 1999; Ricciardelli and McCabe, 2001) . Different cultural pressures to be slim are present in eastern cultures. Confucianism has had a strong influence in Taiwan as a male dominated patriarchal society (Slack et al., 2002; Yu et al., 2004) . Men are depicted as strong and women as petite, feminine and in need of protection. Western cultural influences that are increasingly experienced in Taiwan, particularly in cities, may provide added pressures to the traditional values of feminity and petiteness. Despite these suggestions, the reasons for age and gender differences in this national sample remain unclear. Longitudinal studies are needed to track weight and height in preadolescents to young adults and to investigate influences of lifestyles and cultural values regarding the body alongside each other. 
Obesity and physical fitness
In the present study, overweight/obese group had poorer performances in bent-leg curl-ups test (muscular endurance) and step test (cardiorespiratory fitness) in both surveys. These results are consistent with other studies. Pongprapai et al. (1994) found that physical fitness was worse among obese children than among normal weight children in the sit-up test in Thailand. These findings are also in agreement with the results of Deforche et al. (2003) in Flemish youth.
In the sit-and-reach test, the results were more inconsistent. The ANOVA analyses revealed that the overweight/ obese group showed inferior performance than the normal weight group in 1999, while no difference was found between two groups in 2001. Chen et al. (2002) found that higher levels of BMI were associated with poor sit-and-reach performance, whereas other studies showed no differences in this test among obese and normal weight boys (Pongprapai et al., 1994; Deforche et al., 2003) . Flexibility therefore seems to be consistently less influenced by weight.
Obesity, cardiorespiratory fitness and blood pressure Previous studies have reported that obese children and adolescents had significantly higher blood pressure than the normal weight group (Chu et al., 1998; Reich et al., 2003; Burke et al., 2004) . However, there has been less attention paid to the interactions among obesity, fitness and blood pressure in children and adolescents although this has been a feature of research with adults. Prospective studies have indicated that keeping or becoming fit is associated with subsequent reduced risk of mortality and morbidity in obese adults (Lee et al., 1999; Brodney et al., 2000) . This study examined obesity and blood pressure (hypertension) taking cardiorespiratory fitness into consideration. The results revealed that the normal weight-fit group had lower risk of hypertension than the overweight/obese individuals whether they were unfit or fit in both genders. When putting boys and girls together, it was found that the overweight/obese youngsters who were unfit were at significantly higher level of risk than those who were fit. These relationships are cross-sectional but support the findings with adults that being fit as an overweight or obese person is associated with reduced risk of various aspects of morbidity (Lee et al., 1999) . The failure to reach significance when analysed separately by gender might be due to the lack of power as numbers of overweight/obese-unfit group were reduced to 278 for girls and 404 for boys.
The authors were also aware of the lack of foundation for the definition of hypertension. In children and adolescents, blood pressure standards may be based on gender, age and height to provide a more precise classification of blood pressure (National High Blood Pressure Education Program Working Group on High Blood Pressure in Children and Adolescents, 2004 ). However, current charts are based on a US population and unlikely to be valid throughout the rest of the world (Materson, 2003) . A study showed that there are geographical and ethnic variations in blood pressure in adolescents, indicating that acceptance and use of nonpopulation-specific blood pressure distribution may lead to under-or overdiagnosis of hypertension (Pall et al., 2003) . In Taiwan, there remain no published cut-points for hypertension in children and adolescents currently and the government have adopted the adult criteria of 140/90 mmHg (Taiwan Department of Health, 2004) . Future research is required to provide valid characterization of hypertension in the Chinese adolescent population before the effect of excess weight and lack of fitness can be fully determined. 
